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Abstract

In systemsconsisting of multiple clustersof proces-
sors which employ space sharing for scheduling jobs,
sud as our Distributed ASCF Supecomputer(DAS), co-
allocation,i.e., thesimultaneousllocationof processorso
singlejobsin multipleclustersmayberequited. In this pa-
perwestudytheperformancef sereral schedulingpolicies
for co-allocatingunorered requestsn multiclusterswith
a workload derivedfrom the DAS.We find that besidethe
policy, limiting the total job sizesignificantlyimprovesthe
performanceandthatfor a slowdownof jobsdueto global
communicatiorboundedby 1.25, co-allocationis a viable
choice

1 Intr oduction

Over the last decade clustersand distributed-memory
multiprocessorsconsisting of hundredsor thousandsof
standardCPUshave becomevery popular In addition,re-
centwork in computationahnddatagrids[2] enablesppli-
cationsto accessesourcedn differentandpossiblywidely
dispersedocationssimultaneously—thas, to employpro-
cessoro-allocation—to accomplisttheir goals effectively
creatingsingle multicluster systems. Schedulingparallel
jobs in single-clustersystemshasreceved very muchat-
tention. In this paperwe study schedulingin multicluster
systemsandwe restrictoursehesto rigid jobs(which have
predefinedfixed sizes)andto spacesharing,in which jobs
runto completionon exclusively allocatedprocessors.

We evaluatethe performance(in terms of averagere-
sponsdimesandmaximalutilization) of severalscheduling
policiesfor co-allocatingunorderedequests—thesspec-

1n this paper ASCl refersto the AdvancedSchoolfor Computingand
Imagingin The Netherlandswhich cameinto existencebefore,andis un-
relatedto, the US AcceleratedStrategicComputinglnitiative.

ify the numbersof processorgo be allocatedin different
clustersput nottheactualclusters—inmulticlusterswith a
workloadderived from a real system.For comparisonywe
assestheperformancef totalrequestswhich only specify
the total numbersof processorsieededequalto the num-
bersrequiredby unorderedrequestsin a single clusterof
thesametotal size. Thebestmulticlusterpolicy turnsoutto
belLS (for eachclusterthereis alocal queueandall jobsgo
tothosequeuesmulti-componenjobsarespreadacrosshe
clusters,single-componerjbbs are scheduledn the local
clusters);if we considerthe grossutilization (includesthe
wide-areacommunication)jn somecased.S even comes
closeto using FCFSfor total requestdn a single cluster
However, in multiclustersa large amountof utilization is
spenton global communicationand whencomparingthe
net utilization (takesinto accountonly the computations
andthelocal communicationjhesingle-clustesystenper
formsbetter Althoughthe choiceof policy doesmatterfor
theperformancewe foundthatthelargestimprovementcan
be obtainedfrom simply limiting thetotal job size.

In previous paperd6, 7, 8], we have assessethe influ-
enceon the meanresponsdime andmaximalutilization of
the job structureand size, the sizesof the clustersin the
systemtheratio of the speed®f local andwide-areacom-
municationsandof the presencef a singleor of multiple
gueuesn the system.

Ourfive-clustelsecond-generatidbistributedASCI Su-
percompute(DAS)[1, 12] (andits predecessoryyhichwas
animportantmotivationfor this work, wasdesignedo as-
sessthe feasibility of running parallelapplicationsacross
wide-areasystemg14]. In the mostgeneralsetting,grid
resourcesrevery heterogeneousn this paperwe restrict
oursehesto homogeneousmulticlustersystemssuchasthe
DAS. Shaving the viability of co-allocationin suchsys-
temsmayberegardedasafirst stepin assessinthe benefit
of co-allocationin moregeneralgrid ervironments.



2 The model

In thissectionwe describeourmodelof multiclustersys-
temsbasedn the DAS system.

2.1 The DAS system

The DAS (in factthe DAS2, the second-generatiosys-
temwhich wasinstalledat the endof 2001whenthe first-
generationDAS1 systemwas discontinued)[1, 12] is a
wide-areacomputersystemconsistingof five clustersof
dual-processonodes,onewith 72, the otherfour with 32
nodeseach. The clustersareinterconnectedy the Dutch
university backbonefor wide-areacommunicationswhile
for local communicationinsidetheclusteraMyrinet LANs
areused.Thesystemwasdesignedor researcton parallel
anddistributedcomputing.OnsingleDAS clustergshe PBS
schedulef4] is used,while jobs spanningnultiple clusters
canbe submittedwith Globus[3].

2.2 The structure of the system

We modela multiclustersystemconsistingof C' clusters
of processormf possiblydifferentsizes.We assumehatall
processordiave the sameservicerate. By ajob we under
standa parallelapplicationrequiringsomenumberof pro-
cessorspossiblyin multiple clusters(co-allocation). Jobs
arerigid, sothenumbersf processorsequestedby andal-
locatedto a job arefixed. We call a taskthe partof a job
thatrunson a single processar We assumehat jobs only
requesprocessorandwe do notincludein themodelother
typesof resourceskor interarrivaltimeswe useexponential
distributions.

2.3 The structure of job requestsand the place-
ment policies

Jobsthatrequireco-allocatiorhave to specifythe num-
ber and the sizesof their componentsi.e., of the setsof
tasksthathave to goto theseparatelusters A job is repre-
sentedby atupleof C valuesatleastoneof whichis strictly
positive.

We considerunordered requestswhereby the compo-
nentsof thetuplethejob only specifiegthenumbersof pro-
cessordét needsn the separatelustersallowing thesched-
uler to choosethe clustersfor the components.For com-
parisonwe introducetotal requestswherethereare only
single-componenjobs, scheduledn a single-clustersys-
temwith FCFS.Unorderedequestsnodelapplicationsike
FFT, wheretasksin thesamejob componensharedataand
needintensive communicationwhile tasksfrom different
componentexchangelittle or no information. To deter
mine whetheran unorderedequesfits, we try to schedule
its componentin decreasingrderof their sizeson distinct

Table 1. The fractions of jobs with sizes pow-

ers of two
| totaljobsize || fractionof thejobs |
1 0.091
2 0.130
4 0.087
8 0.066
16 0.090
32 0.039
64 0.190
128 0.012

clusters. We useWorst Fit (WF) to placethe components
onclusters.

2.4 The workload

Although co-allocationis possibleon the DAS, sofar it
hasnot beenusedenoughto let us gatherstatisticson the
sizesof thejobs’ componentsBeforewe startedour simu-
lationswe could not obtaina relevantlog from the recently
installedDAS2. However, from thelog of thelargestcluster
(128 processorspf the DAS1 we found that over a period
of threemonths the clusterwasusedby 20 differentusers
whoran30, 558 jobs. The sizesof thejob requestdook 58
valuesin theinterval [1, 128], for an averageof 23.34 and
a coeficient of variationof 1.11; their densityis presented
in Fig. 1. Theresultsarein line with thosepresentedn
the literaturefor othersystemsjn thatthereis an ohbvious
preferencdor small numbersand powersof two [10] (see
alsoTablel).

By samplingthejob-sizedistributionasmeasurednthe
DAS1 we derive two distributionswhich we usein oursim-
ulationsfor the total job sizes. DAS-s-128is basedon the
entirelog, while DAS-s-64is obtainedfrom thelog cut at
64 (the averagejob sizefor DAS-s-64is 21.46 andthe co-
efficient of variationis 1.06); the maximumsize of a job
is reducedto half excluding only 2% of the jobs from the
log—thepercentag®f jobsthatrequiremorethan64 pro-
cessorsWe introduceDAS-s-64to checkwhetherimiting
thetotaljob sizeimprovesthe performance.

Whensimulatingtotal requests$n a singleclustertheto-
tal job-sizedistributionis directly used.In the multicluster
caseasizelimit is setfor thejob componentsthe number
of component®f a job is computeddependingn the size
limit sothatno components largerthanit, aslong asthe
numberof componentsloesnot exceedthenumberof clus-
ters. Oncewe decideon the numberof component®f the
job, we split it into component®f sizesasequalaspossi-
ble. We considerthreesizelimits for the componentsig,
24 and32; with the sizelimit we vary the numbersandthe
sizesof thejob componentg¢seeTable2).
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Figure 1. The density of the job-request sizes
for the largest DASL1 cluster (128 processor s)

Table 2. The fractions of jobs with the different
numbers of components for the DAS-s-128
distrib ution and the three job-component-
size limits

Job-component-sidenit Numberof job components
1 1 2 ] 3 ] 4
16 0.513 | 0.267 | 0.090 | 0.211
24 0.738 | 0.051| 0.194 | 0.017
32 0.780 | 0.200 | 0.003 | 0.017

In the DAS1 log, 28, 426 jobs wererecordedwith both
their startingandendingtimes,andwe couldcomputetheir
servicetimes. Influencedby the fact that during work-
ing hoursjobsarerestrictedto 15 minutesof service(they
are automaticallykilled after that period), 94.45% of the
recordedobsranfor lessthan15 minutes.Figure2 presents
the densityof servicetime valueson the DAS1, asit was
obtainedfrom thelog. The averageservicetime is 356.45
secondsndthecoeficientof variationis 5.37. In oursimu-
lations,we usefor the service-timedistributionthedistribu-
tion derivedfrom thelog of the DAS, cutoff at900 seconds
(DAS-t-900). The averageservicetime for the jobsin the
cutlogis 62.66 andthecoeficient of variationis 2.05.

We include wide-areacommunicationin the model by
extending the servicetimes of all multi-componentjobs
with a factor, independenbn the numberof components.
In [14], the performanceof four parallel applicationsin
wide-areasystemsds assessetly comparingthe speedups
of the original applicationson a 64-clustersystemwith the
speedupsf versionof theapplicationoptimizedfor wide-
areaexecutionon a 4x16 multiclustersystem.For threeof
thefour applicationsthesespeedupare60.6 and53.9,60.9
and61.1 (which is counterintuitive, but the reasonis ex-
plainedin [14]), and55.4 and52.5, respectiely; thefourth
application(All-pair ShortestPaths)hasvery poor multi-
clusterperformance. So for thesethree applications,the
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Figure 2. The density of the service times for
the largest DAS1 cluster (128 processor s)

extensionfactorfor multiclusteroperationdoesnot exceed
1.12. In [5], experiencesare presentedvith distributing a
large, wide-areaoptimized applicationsolving Einsteins
equationsacrossfour supercomputers two locationsus-
ing Globus. For a total of 1140processorsanefficiengy of
88% is cited,which amountgo anextensionfactorof 1.14.
In addition,in [11] it wasconcludedhatit paysto useco-
allocationwhentheextensionfactoris 1.25. Weusel.25 as
theextensiorfactorof theservicgimesof multi-component
jobs,whichis arealisticupperboundfor mary application.

We call "gross utilization” the utilization obtainedfor
the systemwith extendedservicetimes. Sincethereis no
preemptiorfor communicationthe processorare consid-
eredbusyalsowhenthejobsrunningonthemareinvolved
in inter-clustercommunication.The "net utilization” takes
into accounbnly the processousageor computationsaind
fast local communication,i.e., the non-etendedservice
times. In Sect. 4 we comparethe two typesof utilization
for severalpoliciesandcomponent-sizémits.

2.5 The schedulingpolicies

In amulticlustersystemwhereco-allocatioris usedjobs
canbeeithersingle-componerdr multi-componentandin
a generalcaseboth typesare simultaneoushpresenin the
system.A scheduledealingwith the first type of jobscan
belocalto aclusteranddoesnotneedary knowledgeabout
therestof thesystem For multi-componenjobs,thesched-
uler needglobalinformationfor its decisions.

Treatingboth typesof jobs equally or keepingsingle-
componenjobslocal andschedulingonly multi-component
jobsglobally over the entiresystem having a singleglobal
scheduletor schedulerdocal to eachcluster all theseare
decisionghatinfluencethe performancef the system.In
[8] we have studiedseveral policies, someof which with
multiple variations;in this papemwe considetthe following
approaches:

1. [GS] The systemhasone global schedulemwith one



global queue,for both single- and multi-component
jobs. All jobsaresubmittecto the globalqueue.The
globalscheduleknows at ary momentthe numberof
idle processorf eachclusterandbasedn this infor-
mationchooseshe clustersfor eachjob.

2. [LS] Eachclusterhasits own local schedulerwith
a local queue. All queuesreceve both single- and
multi-componentjobs and eachlocal schedulerhas
global knowledge aboutthe numbersof idle proces-
sors. However, single-componenjpbs are scheduled
only on the local cluster The multi-componenjobs
areco-allocateavertheentiresystem Whenschedul-
ing is performedall enabledqueuesrerepeatedlyis-
ited, and in eachround at most one job from each
gueues started.Whenthejob atthe headof a queue
doesnot fit, the queueis disableduntil the next job
departsfrom the system. At eachjob departurethe
gueuesare enabledin the sameorderin which they
weredisabled.

3. [LP] Eachclusterhasits own local schedulemwith a
local queueandall the single-componerjbbsaredis-
tributedamongthelocal queuesandthereis a global
schedulemwith a global queuewhere all the multi-
componenjobsareplaced.Thelocal schedulerhiave
priority: the global schedulercanschedulgobs only
whenat leastone local queueis empty Whena job
departsjf oneor more of the local queuesareempty
boththeglobalqueueandthelocal queuesreenabled.
If no local queueis emptyonly the local queuesare
enablecandrepeatedlyisited;the globalqueues en-
abledandaddedo thelist of queuesvhich arevisited
whenatleastoneof thelocalqueuegetsempty When
boththe globalqueueandthelocal queuesreenabled
atjob departureghey arealwaysenabledstartingwith
the globalqueue.The orderin which thelocal queues
areenableddoesnot mattersincethe jobsin themare
only startedon thelocal clusters.

In all thecasexonsideredboththelocal andthe global
schedulersisethe FCFSpolicy to choosethe next job to
run.

For comparison,we considerthe single-clustercase
wherethere are only single-componenjobs and we use
FCFSasschedulingoolicy ([SC)).

3 Performanceevaluation

In this sectionwe assesghe performancef multicluster
systemdor the schedulingpoliciesintroduced(Sect. 2.5),
for theDAS-t-900,DAS-s-128andDAS-s-64workloaddis-
tributions for severaljob-component-siziémits andfor dif-
ferentwaysof distributing thejobsacrosghelocal queues.

We comparethe resultsto thosefor a single clusterwith
FCFS.

The simulationsarefor a multiclusterwith 4 clustersof
32 processorsachandasingleclusterwith 128 processors.
For the policieswherelocal queuesare defined,we com-
parethe balancedcase(all local queuesreceve the same
percentag®f jobs)to the unbalanced¢asewhenonelocal
gueuereceves40% andtheotherthree20% of thejobssub-
mittedlocally. Thesimulationprogramsvereimplemented
usingthe CSIM simulationpackagd13].

In this sectionwe only look at the grossutilization, and
depicttheresponsdime asa functionof this utilization be-
causehatis afair basisfor comparinghe policies.For SC
thereis nowide-areacommunicatiorandthe netutilization
is equalto the grossutilization. In the figures,thelegends
describahecurvesin decreasingrderof theirperformance
(right-left).

Section3.1 makesa generalkcomparisorof the policies.
In Sect. 3.2 we study the effect of limiting the total job
size. Section3.3 discusseshe impacton performanceof
the job-component-sizémit. Section4 comparedor all
thepoliciesandsizelimits the grossandthe netutilization,
which shavs how efficient the global applicationsusethe
grossutilization offered.

3.1 Comparing the policies

In this sectionwe comparehethreepoliciesdefinedfor
multiclustersto the FCFS policy in a single cluster For
multiclusters,with the maximumjob-componentize we
varythenumbersandsizesof job componentsit influences
theperformancéy modifyingthewayjobsfit togetheiand,
throughthe percentagef single-componenpbs, the per
centagef jobswith extendedservicetimes.

3.1.1 Multiclusters versussingleclusters

In this sectionwe comparethe four policiesfor eachof the
threejob-component-sizmits. For SCthe sizelimit does
not influencethe results,so the SC curves canbe usedas
a referencefor the graphsin Fig. 3. With the workload
consideredhe performances poor for all policiesandall
sizelimits. Evenfor totalrequestshemaximalutilizationis
belowv 0.65. Thisseemdo indicatethatthebadperformance
is causedy thetotal sizesof thejobs; we furtherinvestigate
thisaspecin Sect.3.2.

Even thoughit restrictssingle-componenjobs to the
local clustersand usesco-allocationto scheduleits mary
multi-componenjobs (48.7%) for which the servicetimes
areextendeddueto theglobalcommunicationl_S performs
much betterthan the other multiclusterpoliciesfor a size
limit of 16; it also provides a higher maximal utilization
than SC, but a part of that utilization is spentwaiting for
the wide-areacommunicationso SC is still significantly
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limits of 16, 24 and 32 (left-right); for

LS and LP we depict results with balanced local queues (top) and unbalanced local queues (bottom)
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Figure 4. The response times for job-component size limits of 16, 24 and 32 (left-right) close to LP’s
saturation point; for LS and LP the local queues are balanced (top) and unbalanced (bottom)

better(seealso Sect. 4). The main advantageof LS is
thatit distributesthemulti-componenjobsamongthelocal
gueuesllowing thelocal schedulerso spreadhemacross
the clusters;at eachmomenta job canbe chosenfrom ary
of the local queueswhich generates form of backfilling
with a window equalto the numberof clusters. For size

limits of 24 and32, wherethereareonly 26.2% and22.0%
multi-componenjobs respectiely, the performanceof LS
is worse. In all the graphsLP displaysthe worst results
becausall the multi-componenfobs are placedin a sin-
gle globalqueue andall the single-componerjpbsarere-
strictedto the local clusters. Although GS hasonly a sin-



gle global queue,it is consistentlybetterthanLP, andfor
asizelimit of 32 (whentherearemary local jobs)it even
approacheks; thisis dueto thefactthatit hasthefreedom
to choosehe clustersfor the single-componerjbbs.

In itself, thefact thata multiclusterpolicy canhave sim-
ilar performancedo SCin termsof grossutilization makes
co-allocationa good option, shawving that the fragmenta-
tion causedby having multiple clusterscanbe overcome.
Evenwhenpossible admittingonly single-componerjbbs
would resultin a lower utilization asour previous results
have shavn (see[7]). Combiningtheseresults,it seems
thatamulticlustersystemwithoutco-allocatiordealsworse
with the fragmentation. The internal loss of utilization
causedyy the slow global communicatiorshouldbe han-
dled by structuringthe applicationgto usethe high utiliza-
tion offeredby someof the policies,while minimizing the
amountof time spentwith wide-areacommunication.An
applicationinvolvedin lessglobalcommunicatiorcanben-
efit betterfrom a policy thatusesco-allocation.

3.1.2 Balancedversusunbalancedlocal queues

Comparingthe balancedandunbalanceatasedor LS and
LP (seeFig. 3) we noticethatan unbalancedoad for the
local queueshasa negative impacton performance Since
for both GSand SC all jobs go to the global queue their
curvwescanbeusedasareferencavhencomparinghepairs
of balanced-unbalanceptaphsfor LS andLP.

The worseningof the performancds morepronounced
for LS, especiallyfor larger job-component-sizdimits,
whenthereis a higherpercentagef local jobs. Onecause
is thattheleastloadedqueuegyetemptysoonerwhich de-
creaseshebackfillingwindow for the globaljobs. Thede-
teriorationis strongerwhenthereis a high percentagef
local jobs which indicatesa secondcause:the local jobs
arerestrictedto their correspondinglusters,and a higher
percentagef (local) jobsin a queuemeansa higherload
for thelocal cluster;besidestheir clustercanbe usedwith
equalpriority by globaljobsfromtheotherlocalqueuesAs
aresult,themoreloadediocal queuesaturategasterthanin
thebalancedtase decreasinghis way the maximalutiliza-
tion of the system. For a sizelimit of 32 andunbalanced
local queues) S performsworsethan GS andsimilarly to
LP.

For LP the performancedeteriorationdueto the unbal-
anceof the local queuesis small for all size limits. All
global jobs go to the global queue,and the local queues
have priority on theirlocal clustersaslong asnoneof them
is empty Whenthereare few local jobs, the loadsof all
local queuesrelow evenin the unbalancedase(for a size
limit of 16 the mostloadedlocal queuereceies20.5% of
all jobs);for ahigh percentagef localjobsthelocal queues
accessheir clusterswith priority, which reducegheimpact
of theunbalanceEvenwhena local queuegetsemptyand

multi-componenjobsfrom theglobalqueuearestartedthe
useof WF insureshattheleastloadedclustersarechosen.

3.1.3 LP approachingsaturation

For LP, we canexpectthatthe performancaliffersbetween
theglobalandlocal queues.in Fig. 4 we depictfor theLP
policy, besidethe total averageresponseimes,the average
responséimesfor thelocal queuesndfor theglobalqueue.
Besidethegrossutilizationwe displayin eachchartthecor
respondingnet utilization. The figure shawvs the samere-
sultsasFig. 3, but for a smallsetof utilization valuescho-
sensothatatleastoneof the policiesapproachesaturation.
Thisrepresentatiomakest easieito compareheresponse
timesof thepoliciesbut hasthelimitation of providing less
information.At thechoserutilizationvalues P, thepolicy
with theworstperformanceis approachingaturation—the
globalqueuegrows without bounds As a consequencaye
caneasilyseefor LP the differencesn responseimes,for
exampleamongthe balancedand unbalancedtases even
thoughasthe graphsin Fig. 3 shav thesedifferencesare
small. Onthe otherhand,if we compargheresponséimes
for the "better” policieslike LS, the chartsdo not shaw the
significantperformancdossfrom the unbalanceaase. At
the utilizationsfrom Fig. 4, LS is on a very low pointon
its response-timeurve and its performances very good
in boththe balancedandthe unbalancedases.LP delays
the large multi-componenjobs muchlongerthanLS and
its performancebottleneckis the global queueandnot the
local ones. This is shavn in Fig. 4 wherefor LP the av-
erageresponsdimesfor the global queueare muchlarger
thanthosefor the local queues.Theresponsdimesfor the
globalqueuearedisplayedonthe correspondingdparsin the
charts.

3.1.4 Conclusions

We concludethat for a systemwith a workload similar to
thatof theDAS, andanoverheadueto thewide-areacom-
municationcovered by the 1.25 extensionfactor, the LS
policy is thebestoption. In all thecaseghe performances
verypoor: for all job-component-sizimits, bothin thebal-
ancedandthe unbalancedasesandevenfor totalrequests.
The main causeseemdo be the total job-sizedistribution,
andnotthejob-component-sizimit, the globalcommuni-
cation, the policies, or the extra fragmentationintroduced
by schedulingmulti-componenjobsin a multiclustersys-
tem. We verify thisassumptiorin thenext section.

3.2 Limiting thetotal job size
In the job-sizedistribution derived from the DAS, only

2% of the jobs require more than 64 processorqout of
which 1.2% need128 processoro run, whichis theentire



system). Our assumptioris that eliminating from the dis-
tribution this small percentagef very large jobs canbring
importantchangego our previousresults.

Figure5 compareghe performanceof the DAS-s-128
and the DAS-s-64 distributions for the four policies dis-
cussedoefore,a job-component-size-limigqualto 16 and
balancedocal queuesWe choosehis setof parameterbe-
causethey previously provided the mostinterestingresults
(LS betterthanSC).
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Figure 5. The response times for maximal to-
tal job size 64 and 128 (job-component-size
limit 16, balanced local queues)

With DAS-s-64,the improvementsin performanceare
large for LS, andeven moresofor SC.Whena job requir
ing 128 (or asimilarly large numberof) processorss atthe
top of the queue SCwaitsfor the entiresystemto become
empty whichyieldsa very low utilization. LS onthe other
handcanrun jobs from the other queuesand postponehe
largejob until eithertheotherqueuesreempty or they also
have at the top large jobsthatdo notfit. For DAS-s-64the
largestjobs in the systemrequireonly half of the proces-
sors,which improvesthe utilization of SC anddiminishes
theadvantageof LS.

LP and GS also performbetterfor DAS-s-64. Sinceit
givesthe local queuegriority, with LP the very large jobs
in theglobalqueuearemuchpostponedor DAS-s-128.For
DAS-s-64jobsaresmaller andLP outperformsGSbhecause
it canbenefitfrom having morequeuegalsoaform of back-
filling but worsethanin the caseof LS sinceall globaljobs
gototheglobalqueue).

A very small percentag®f very large jobs can signifi-
cantly worsenthe performanceandratherthan designing
acomplicatedpolicy to dealwith suchjobs, simply impos-
ing a maximumsize for the jobs submittedto the system
brings more importantimprovements. Of course,for the
userswhosejobsarelargerthanthelimit allowed,comply-
ing to thisrestrictiontranslategnto reconfiguringheirjobs
to usefewer processorandacceptingthe consequencef

having longerservicetimes. The extensionof the service
timesis highly dependentn the specificapplication.

3.3 Settingthe job-component-sizdimit

In this sectionwe evaluatethe performanceof GS, LS
andLP dependingon the maximumsize admittedfor the
job componentsWe comparethreesizelimits: 16, 24 and
32 (seeFig. 6), andusethe DAS-s-128distribution.

Having smallerjob componentsmprovesthe systems
performanceput having mary componentselative to the
numberof clustersdeteriorateshe performanceA smaller
sizelimit alsomeansmore multi-componenjobs, somore
jobs with extendedservicetimes, which alsoworsensthe
performancefor a sizelimit of 16 thereare 26.7% more
multi-componenjobsthanfor asizelimit of 32. Addingup
all thesefactors,for GSasizelimit of 32 providesslightly
betterresultsthan16.

For LS, dueto the backfilling effect andto the fact that
multi-componenjobscanbe spreadacrossary of the clus-
ters, while the single-componenjpbs are restrictedto the
localclustersasmallersizelimit becomesnimportantad-
vantage.For this policy a sizelimit of 16 is amuchbetter
choicethana sizelimit of 32. Comparinghe balancedand
unbalancedasedor LS we noticethattheperformancele-
terioratesmorewhenthelocal queuesarenot balancedor
asizelimit of 32. Thequeuereceving extraloadcanplace
themulti-componenjobsalsoon otherclustersput it hasto
keeplocalthe single-componerjobs, overloadingthelocal
cluster It meanghatthe moresingle-componerjbbsthere
are,themorewill thesystembeaffectedby theunbalance.

For LP, all multi-componenjobsgoto theglobalqueue
andonly the single-componenjpbs are spreadamongthe
local queues.Smallerlocal jobsfit better andfewer local
jobsmeanfewer jobsrestrictedto the local clusters.Fewer
local jobsalsomeanthatthe local queuesemptyfasterand
theglobalqueueggetsmoreoftenthechanceo startjobs. On
the otherhand,the global queuehaslow priority whenno
local queueis empty andthe moreglobal jobs, the higher
the averageresponsdime for thosejobs. As Fig. 6 shaws,
LP performsbetterfor a sizelimit of 16 thanfor 32, but the
differences smallin boththe balancedaindtheunbalanced
cases.

For all the policies, the worstresultsare obtainedfor a
job-componensizelimit of 24. Sinceall the factorsdis-
cusseabore wouldplaceasystemwith limit 24 in between
the othertwo casesthe reasonfor this very large differ-
encein performanceshouldbein the way jobsfit together
in the system,dependingon the sizelimit of their compo-
nents. For a sizelimit of 24, the jobs split up differently
areonly thosewith sizes(integers)in theinternvals[17, 24]
and[33, 72] whencomparedo asizelimit of 16, andthein-
tenals[25, 32], [49, 64] and[73, 96] whencomparedo 32.
Sincefor GSandLP theperformancés very similarfor size
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Figure 6. The performance of LS, LP and GS (left-right) depending on the size limit of the job compo-
nents. For LS and LP both the balanced (top) and unbalanced (bottom) cases are depicted

limits of 16 and32, it makessenseo look for the reason
of the muchworseperformancenvhenthe sizelimit is 24
in theinterval [49, 64], which containsthejobs split differ-
ently comparedo boththe otherlimits. Checkingthelog,
we found thatthe mostrelevant sizein thatinterval is 64:
19.0% of thejobsin thelog have this size. For a sizelimit
of 16, the correspondingob requesis (16, 16, 16, 16), for
asizelimit of 32 it is (32, 32, 0, 0) andfor alimit of 24 we
obtain(22, 21, 21, 0). Consideringanemptysystemwhich
recevesajob of size64, in thefirsttwo casesfterthejobis
placedtherearemary jobs,with differenthumbersof com-
ponentsandsizesup to 64 thatwould still fit in thesystem.
However, in thethird caseonly single-componerjbbswith
maximumsizesof 10 and11 canfit in threeof the clusters,
andsingle-componerjbbswith amaximumsizeof 24 (due
to the sizelimit) in the fourth, emptycluster A secondob
with asizeof 64 would alsofit in thefirst two casesbut not
in thethird.

4 Grossversusnet utilization

In Sect. 3 we have studiedthe averageresponsgime as
a function of the grossutilization. In this sectionwe dis-
cussthe differencebetweengrossand net utilization, and
quantify this differencefor the casesconsideredn Sect. 3.
We have definedin Sect. 2.4 the net and the grossuti-
lization basedon the job servicetimesin single clusters
with fastlocal communicationandon the extendedservice
times(atleast,for multi-componenjobs)to accounfor the
slow wide-areacommunicationsyespectiely. The differ-

encebetweertheseutilizationsis thecapacitylostinternally

in multi-componenjobsdueto slow wide-aredinks. This

internalcapacitylossmight bereducedoy restructuringap-

plicationsor by having themuse(collective-) communica-
tion operationoptimizedfor wide-areasystems.

Theperformancef amulticlusterpolicy maylook good
when consideringthe responsdime as a function of the
grossutilization, but, whenthereis muchinternalcapacity
loss,the performanceasa functionof the netutilization (or
of the throughput)may be poor. This "real” performance
of a multiclusterpolicy would improve with moreefficient
applicationsor with fasterglobal communication(smaller
extensionfactor). In theextremecasejf theglobalcommu-
nicationwasasfastasthe local communicationL.S would
sometimesprovide even betterperformancehan SC (see
Fig. 3).

In Fig. 7 we depictthe averageresponsdime for our
threepolicies,for the DAS-s-128job-sizedistribution,and
for thethreejob-component-sizimits asafunctionof both
the grossand the net utilization. For LS and LP the lo-
cal queuesare balanced;the resultsfor unbalancedocal
gueuedo not bring additionalinformation. To assesshe
differencebetweerthetwo utilizationsfor a specificpolicy
andjob-component-sizimit atacertainresponséime,one
shouldcomparethe graphsin the horizontaldirection. Of
course for the sameworkload(definedby the arrival rate,
andso, by thenetutilization) andjob-component-siziémit,
thedifferencebetweerthegrossandthenetutilizationis the
samefor all schedulingpolicies,albeitat possiblydifferent
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Figure 7. The résfstinse time as a function
policies and for the three job-component-size

responséimes.

In our model,job sizesandjob servicetimesareinde-
pendentThis meanghatwe cancomputetheratiobetween
thegrossandthenetutilization,independensf the schedul-
ing policy, asthe quotientof theweightedaveragetotal job
sizewith single-componerbbshaving weight1 andmulti-
componenjobs having weight 1.25 (the extensionfactor)
andthe averagetotal job size. For the DAS-s-128job-size
distributionwe find for thejob-component-sizémits of 16,
24, and32 ratiosof grossandnetutilizationof 1.218,1.173,
and1.159, respectiely.

The differencebetweenthe grossandthe net utilization
grows with a decreasef the job-component-sizémit—
the more multi-componentjobs the higher the amount
of global, slow communication—anadvith the numberof
(multi-componentjobs thatfit on the system—whenobs
fit better theworkloadcanbe higher, entailingmoreglobal
communicationFor thesereasonsfor all thepoliciesajob-
component-sizémit of 16 yieldsalargerdistancebetween

of the gra¥&and the net utilization for the LSViiPiand GS
limits (balanced local queues for LS and LP)

the curvesof the netandgrossutilizationsthan24 and32.
For asizelimit of 24 thereare4.2% moremulti-component
jobsthanfor 32, but sincejobsfit very poorly, thegrossand
netutilizationsareclosertogethemhenthesizelimit is 24.
Comparingthe policies, we notice that for a sizelimit of
16, LS yields a much betterutilization, and so also more
wide-areacommunicationthanthe otherpolicies,andasa
consequencd, hasthelargestdifferencebetweerthegross
andthenetutilization. For component-sizémits of 24 and
32 theamountof utilization spentin globalcommunication
is rathersimilar for all threepolicies.

In [9], we have studiedthe maximalutilization (beyond
which the systemgetsunstable)of co-allocationwith an-
alytic means(whenthe servicetimesare exponential)and
with simulations.Both methodsonly work whenthereis a
single,globalqueue soin thecaseof GSandSC.In these
simulations,we maintaina constantbacklogand obsenre
the time-averagefraction of processordeingbusy, which
yields the maximal grossutilization. For GS, the simula-



Table 3. The maximal gross and net utiliza-
tions for different job-component-size limits
for the GS policy

maximalutilization
job-component-sizimit | gross | net
16 0.588 0.483
24 0.491 0.419
32 0.595 0.513

tionsproducedhe valuesfor the maximalgrossutilization
asin Table 3; the maximalnet utilizations are then com-
putedwith the ratios betweenthe two typesof utilization.
Thesevaluesarein very good agreementvith the graphs
for GSin Figure?. For SC,our simulationsgave usa max-
imal utilization of 0.625 (cf. thecurve for SCin Fig. 3).

5 Conclusions

In this paperwe have evaluatedthe performanceof
several schedulingpoliciesfor co-allocatingunorderede-
guestsin multiclusterswith a workload derived from the
DAS. Thebestpolicy provedto belLS, with a performance
comparablén somecasego usingFCFSfor total requests
in asinglecluster

Studyingthe job sizes,we have obsenred that a small
percentagef jobs with total sizescloseto the size of the
systemcanstronglyimpacton performance Althoughthe
choice of policy doesmatterfor the performancewhen
dealingwith very large jobs requiring (almost)the entire
systemto run, we foundthatby far thelargestimprovement
in performancecan be obtainedfrom simply limiting the
total job size.

When choosing the job-component-sizelimit, care
shouldbe takenthat the jobs of the total sizesthat occur
mostoften (in our log 19% of thejobsareof size64!) are
split up in away thatmakeshemeasyto fit in the system.
Whenboththeclusters'sizesandthe mostpopulartotal job
sizesarepowersof two, a limit thatis alsoa power of two
makessense.

In multiclustersystemsve have to dealwith asignificant
amountof processotime spentwaiting for the globalcom-
munication.However, co-allocatiorremainsaviableoption
while the durationof the global communicatioris covered
by anextensionfactorof 1.25.

For somepolicies, suchasLS, a higheramountof co-
allocation—goingrom componensizelimit of 32 to 16—
cansignificantlyimprove the performancewhile for others
(LR, GS)it doesnot. More co-allocationbringsalongmore
flexibility in spreadingthe jobs over the system,but also
moreglobal communicationFor a policy thatcantakead-
vantageof it, this flexibility cancompensatéhe disadwan-

tageof slower communication.
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